Research has shown that 51% of all ERP implementations involve some kind of problems in
Introduction
Both CRM and ERP are geared towards the same goal: increasing company profitability. However, designers/programmers of the two systems have different approaches to achieving this goal. ERP is primarily aimed at cost reduction and business process optimization. On the other hand, CRM 1 approaches profitability from the point of increasing sales and maintaining customer relations. 2 It is well known that the costs of selling products and services to new customers are up to six times higher than is the case with the existing customers. There is room for improvement and development of relations with customers at all levels, from the sales force to the executives, which leads to higher sales volumes, consumer and brand loyalty and a higher level of satisfaction of customers, i.e. to lower operative costs of dealing with the consumers.
It is for these reasons that the ERP systems are often referred to as "backoffice systems" since they support the processes not necessarily visible to customers (procurement, production planning, order tracking, inventory management, etc.), whereas the CRM systems are called "front-office systems, which implies that they support the activities surrounding the interaction with customers.
An integration of ERP with CRM may ensure a dramatic return of investment 3 . If nothing else, this can help avoid double data entry in the systems, e.g. customer contact details and data on products and services 4 . While ERP is focused on utilizing the data about customers and their accounts in the process of invoicing and delivery, CRM uses the same data from lead generation, to potential customer monitoring and sales opportunities, to sales and support. Figure 1 shows the activities in a sales cycle and the support provided by ERP and CRM. The overlaps between the two systems are obvious, as is the possibility for some activities to be performed in both ERP and CRM. Just like good integration of the two systems can lead to significant savings and optimisation of processes, bad integration leads to doubling the data, creating inconsistencies between the systems and increasing, rather than decreasing the costs of exploitation 5 , 6 . The CRM and ERP systems are usually obtained and implemented separately and at different times. Quite often they are purchased from different vendors and producers and implemented by different teams.
As a rule, the CRM and ERP systems contain separate databases 7 even if they come from the same manufacturer.
Such separately kept databases also lead to separate basic records (identifiers), which primarily relate to business partners and items and services. This may create problems with updating and maintaining consistency of the data within the information system of a company.
The CRM and ERP systems usually overlap in certain segments of business processes (e.g. orders, order confirmations, pro forma invoices, etc.), thus potentially creating redundant information and documents. More often than not, CRM and ERP also differ in terms of technology, both by their vertical architectures and with regard to the DBMS 8 and API 9 support.
2. An analysis of the implementation of the existing solutions
Level of customisation
As few as 9% of companies implement the ERP solutions without any adjustments, while as many as 25% of the projects involve extensive adjustment or complete customization ( Table 1 ). 
Return on investment rate
Increased efficiency and improved work with customers are the two areas in which companies most often feel benefits of the implementation of a new ERP system. What significantly differs from company to company and from ERP to ERP is the time in which these benefits become measurable so that the companies may claim that they recouped the invested capital ( Table 2) . 27% had no return on investment, in 17% of the cases the payback period was 2 years, which is a good result minding that the average time is 30 months, while 24% were not sure whether the investment was recouped, which only indicates the lack of communication and clear objectives within such companies in terms of ERP implementation. Vol. 13, № 3 2016: 243-262 Data Synchronisation and Cost Reduction Using API... 247 
Global market research
According to the results of an independent study conducted at the global level by Panorama Consulting Solutions, SAP is most often found among shortlisted manufacturers, followed by Oracle and Microsoft Dynamics. As regards the shortlisted ERPs that were most frequently selected by the users, Oracle is leading with 34%, while Microsoft Dynamics and SAP won in 20% and 16% of the cases, respectively ( Table 3) . 
Implementation time
The duration of an implementation project is directly linked to the scope of the project, available resources, functionalities of the selected software and their consistency with the needs of the company, as well as to the type of the selected solution.
Research has shown that the actual implementation time for an ERP system rarely coincides with the planned timeframe ( Ibid., 17 about 4 months longer than planned. Both SAP 13 and Microsoft Dynamics have an average of about 2 months beyond the planned deadlines. Microsoft Dynamics has the shortest overall implementation time (13 months), followed by SAP (17) and Oracle (18) . 
Simulation and experimenting on the model -data synchronization cases
Simulations 15 and experimenting with the interface model 16 (generated with the aim of performing the necessary synchronization of the system and optimization of the processes and costs) are shown for two synchronization cases for which simulations on the model were defined and implemented, and which represent a cycle of experimenting with a view to presenting the capacities of the designed interface:
•
The data which is entered in the ERP database (DB); it does not exist in the CRM DB and

•
Another case of synchronization showing the screens related to the data in the DB it exists in the ERP DB; the change is made in the ERP DB and synchronized in the CRM DB.
An overview of all the cases of synchronization (possible operational scenarios) between the ERP and CRM DBs is the subject of a separate study. The data integration model within the interface model is a piece of designed and separately programmed application software. The following principles were followed in implementing the simulations: 1) Consistency and integrity of the shared records (Partners, Items, and Services) 2) There is a clearly defined boundary between the CRM and ERP and all the synchronization processes.
Bearing in mind that detailed data on purchase, input and sales prices and their breakdown must be kept in the ERP system (DB containing all the key business data and documentation), this consolidated inventory is updated exclusively through the ERP applications in the ERP database, while the other subsystems (including the CRM and SCM 17 , 18 ) only use this data, which means that they do not add new data or change the existing data structure in this inventory.
As CRM operates over a separate database 19 , it is necessary to ensure its integration so that each item added or altered within this consolidated inventory is transferred to the CRM database as soon as it has been successfully processed in the ERP database, thus enabling continuous synchronisation of data in both databases (the key role of the interface is implemented here through simulating both cases of synchronisation).
This integration module should ensure the transfer of all the data necessary for the work of CRM, which represents a subset of the data necessary for ERP.
Situations when synchronizing the business partner registers between the CRM and ERP systems ( If a new partner appears directly in the sales (ERP) processes, he is entered in the partner register in the ERP base and synchronized with the CRM, while all further data changes are effected through the ERP applications within the base. It is prohibited to change partner data through the CRM applications.
In the operational sense, all the statuses are shown in the screens resulting from the previous statuses in the ERP and CRM DBs and the new statuses after the changes are made to the partners; the principle is as follows: The simulation processes were conducted through experimenting on certain data groups (i.e. entity attributes) considered to be most frequently changed when it comes to consumers, as a result of the business needs adjustments and cost optimization in dealing with consumers.
The clients who used the interface in the test phase have subsequently confirmed in the implementation phase that the interface efficiently performs the data integration, that it is optimally adjusted to the needs of the user, that the synchronisation processes are simple and properly harmonised and that they reduce the amount of unnecessary operational procedures and processes, on the one hand, and ensure the reduction of backlinks between the DBs, operational costs and the level of complexity of business processes, on the other. For instance, on the ERP side we created a new contact using the "Partners" application ( Figure 3) . After the contact has been created on the ERP side, the service performs synchronization with the CRM DB, and the created contact can be seen in the CRM DB (Figure 4) .
Applying the data integration model with a view to reducing consumer related costs
The data integration model is logically checked through the Web services 20 created and used during the test phase and later in the pilot implementation phase in order to show its benefits for both sides -the designer and the user of the API model, and to verify the implemented technology 21 and architecture. In designing the program subsystem the database was represented by the WCF (Windows Communications Foundation) framework and the .dot.net environment 24 , and the key challenge was to define WSDL and endpoint information for the given Web services, i.e. to ensure the independence of WS from the actual information system.
The integrated programme structure of the interface, the designed and programmed WS, the Web service generation mechanisms and the Web service addressing define the two interoperable structures that transmit the information; they are typically based on a transport protocol, a messaging system, and the new internet technologies 25 .
The aim of the program system is to join the interoperable structures (the endpoint references and the headers of messages exchanged in the API environment) into a single format that can be processed independently from the data transport and the API application.
The ERP and CRM database synchronization processes (a more complex scenario would involve the synchronization of all three databases: ERP, CRM and SCM
26
) are designed on the basis of simple logical simulations showing the data integration processes and verifying the efficiency of the designed interface 27 . Based on the dynamic updating of the data contained in the ERP and CRM databases, and in accordance 22 [ with the synchronization and security logic 28 , WSs are defined and implemented so as to ensure all the control and operational data necessary for consumer management.
• The services used for the data synchronization between the ERP and CRM databases are programmed in the WCF environment.
• For the purposes of this study, two WCF services were created and hosted as win services.
• One of the services was installed on the ERP side to monitor the ERP database, while the other was installed on the CRM side to monitor the CRM database. The cashed data is contained in another database accessible by both services.
• The services operate in the following manner: -When the services are started, the reading is performed by all the partners/ contacts in the ERP database (which are already present in this database and have to be inherited by the CRM database), an xml file is created ( Figure 6 ) separately for the partners and for the contacts, and the CRM service methods are called to forward the xml 29 files. Afterwards, each time the services pass through the database only the data about the partner/contact that has been added or changed in the database will be read (the data is obtained by monitoring certain tables in the database); likewise, the xml file will be created and the CRM service methods will be called if there have been any changes.
-If the CRM service fails to add or change the data in the CRM database, the ERP service will place a specific xml file with the information about the cached data in the database visible to both the ERP and the CRM systems. Each time the ERP service passes through, it will also check the cashed data and forward the saved xml files, if any, to the CRM service. If during this pass through the database CRM successfully completes the adding/changing of the data from the xml file, it will signal the ERP service to delete the xml file from the cache, and if not, the ERP service will be notified about it and the xml file will not be deleted. -The CRM service takes over the xml 30 file and performs the adding or changing of the partner/contact, depending on whether the partner/contact exists in the CRM base as per the given criteria. If CRM fails to execute the above actions, it will send information about that to the ERP service, and the service will store the xml file 
Evaluation of the model's implementation and the study results
The evaluation of the study results (the quality of the generated interface and its utility) was defined by the survey (online interview -email/web); the respondents used the pilot version of the interface (application programme) and provided answers to 10 key questions (it should be noted that several sets of questions were prepared for various personnel in the IT hierarchy: SW company CEOs as the top management, middle management, managers of operations, and specialists directly involved in designing, programming, web programming, and communications and networks). The obtained answers served as the basis for the analyses structured on the Likert scale 32 : SA -strongly agree, A -agree, N -neutral (neither agree nor disagree), D -disagree, SD -strongly disagree. The number of respondents exceeded 100 but it was reduced to a sample of 55, whose structure included various IT management and operations staff (including SW company
CEOs, managers of certain IT departments, top level managers, middle managers, and IT operations managers and designers and programmers).
The results of the e-survey/web survey are arranged systematically in Table  6 , showing the number of obtained answers to each question and expressing it as percentage of the total amount (defective and incomplete answers were discarded so the number of respondents was reduced to 55, as reflected in the data shown in the table). The field data was statistically processed and Cronbach's alpha 33 was calculated, which needed to be >= 0.7 in order to show the consistency of the analysed data. Based on the calculation (Cronbach's alpha = 0.748474) it has been shown that the data is consistent and reliable and that the obtained results about the generated interface and its functionalities ( Table 6 ) can be considered accurate and reliable. The result obtained by analysing the survey (Table 7) confirms the utility of the designed interface and shows that the integration through the model of independent databases (ERP, CRM, and SCM) and the integration functionalities have yielded the required level of efficiency of the generated interface, i.e. that all the envisaged technical and operational tasks were realised and that an efficient system of controlling the synchronisation processes of independent databases was created. The results obtained in the survey indicate the importance of the three key sets of processes: organizational, managerial and information/technological, which determine the quality of the generated and implemented API, as shown by the marks given by IT specialist to the survey questions. The results of the survey are a reliable measure for evaluating the IT quality of the projected and programmed API, i.e. its features and functionalities that facilitate the customer relationship management and contribute to an optimal regime of controlling the functions and overall data integration of the generated models' databases within the given ERPCRM structure and the more complex ERPCRMSCM 34 structure.
Conclusions
The need for changes in the business organisation, implemented technologies, the objectives and content of the customer relationship policy were taken as the starting point of this study and the basis for analysing the structure of the business system, management mechanisms, and e-business integration model with the aim of optimising relations with customer and the business system as a whole; the study analysed the inconsistencies and lack of synchronisation between the parent IS and the ERP/CRM systems.
The changes and significant adaptations to the new marketing and IT technologies have led to modifications in the business models and software, causing increased reliance on e-business/e-commerce models and introducing various multi-layered internet technologies for the purposes of enabling more efficient business operations and meeting the ever more complex demands of customers/ consumers, which are the drivers of business success and the measure of profitability, productivity and effectiveness of any business system.
Consumers often indicate that they want consistency, proactive approach and swift response from their suppliers. The key to responsiveness and management actions is based on CMP -customer management processes, and on differentiating between consumer behaviour and brand loyalty (conditionally speaking, loyalty to the business system servicing the needs of consumers), developing in a practical manner optimal relations with consumers that are conditionally generated by certain priorities and ICT resources that serve as the basis for evaluations, forecasts and statistics of relevance for the decision making processes.
The generated API model is an important operational and strategic tool that is relatively independent of the complexity of business system, i.e. of the implemented application systems; as such, it represents a model for optimising the independent ERP, CRM and SCM systems, or, in a more complex variant, for controlling the databases, information and message exchange, and processes and errors generated within individual systems or transferred into the API structure, where all the statuses and inconsistencies are finally and irrevocably resolved.
The data integration system and the generated API have provided a series of operative solutions applied to improve the business system functionality and reduce costs; they placed under control the key strategic and operational processes targeted at customers, but also all the other process and application needs of the IT industry business system as such.
The offered API solutions enable sales control and control mechanisms of the IT SW module integration of both the ERP and the CRM system, in particular of all the key data on customers created through the data integration model (the functions and application solutions of the generated API); they ensure efficiency of sales control, establish new sales control e-mechanisms, and provide new tools for predicting the consumer behaviour and their purchases.
The API solutions serve as a basis for securing efficiency of the sales network and value-added products and services, especially through the use of cloud technology 35 . The generated API introduces significant improvements to the control of individual functions of the ERP and CRM systems, and also of the integrated data chains generated through database control and data exchange in the processes of entering, updating, sending and receiving the messages that regulate the status of errors emerging in the communication between the ERP and CRM systems in the integrated environment. Special effects of the Interface are realised through the data integration and exchange implemented through the sales networks and the increased speed of data exchange between the central locations and the servers, i.e. branches/business units, which ensures local coverage of the needs in the sales network and enables the introduction of new services in the business and customer relationship domains, i.e. various services at the level of certain communication channels (FB, Twitter, social networks, mobile channels, and other internet channels increasing the scope of virtual business).
The integrated system control parameters are defined in the basic API structure. They control (basic and modified) ERPCRM and the more complexly structured model of ERPSCMCRM, which includes the supply chain management as an extension of the control of the market factors and parameters (the API that includes the individual databases and generates a separate database created through the exchange). Additionally, the data integration model includes error control by creating the necessary xml files, and defines a number of parameters and control processes that provide a basis for the integrated system management (pre-sales and sales processes, items, identifiers, database exchange mechanisms) ensuring all the data necessary for the strategic and operational management, i.e. for the vertical and horizontal control and interventions in the business system with the aim of overall business optimisation based on the designed and programmed API. 
